Directed molecular evolution: bridging the gap between genomics leads and commercial products.
Agricultural crops, engineered to express transgenic traits, have been rapidly adopted by farmers since the initial commercialization of this technology in 1996. However, despite nearly 20 years of research in agricultural biotechnology, only two product categories have achieved commercial success: plants containing transgenes conferring tolerance to herbicides and plants containing insecticidal protein genes derived from Bacillus thuringensis. A number of transgenic concepts, while exhibiting promising phenotypes in laboratory experiments, have failed to generate commercially viable crops. Many of the leads produced by modern integrative approaches to understanding plant biology will need further optimization to deliver economically viable crops. Directed molecular evolution represents a powerful technology to optimize newly discovered leads towards product objectives. In this review, we show by example how directed molecular evolution can be used to develop enabling technologies for plant biologists; how genes can be optimized to generate improved input traits such as those conferring insect tolerance, disease control and herbicide tolerance; and how plant quality can be altered to improve yield, produce novel industrial feedstocks and improve nutritional qualities.